Abstract The effects of hypertonic solution on action potential and input resistance were studied using the guinea-pig ventricular muscle. Hypertonic solutions containing excess (150 and 300 mOsmf liter) sucrose, glucose, NaCI, Na2SO4, or LiCI produced a prolongation of action potential duration (APD) followed by a gradual shortening. These solutions increased the input resistance of the preparation. The prolongation of APD began immediately after the onset of perfusion with hypertonic solution and peaked within about 10 min, while the late shortening of APD developed progressively. On introducing the isotonic solution after the osmotic challenge, APD initially shortened and then gradually prolonged toward the control level. Slightly hypertonic solutions containing excess 30 or 75 mM sucrose prolonged APD, to some extent. It is concluded that the hypertonic solution exerts early and late effects on APD in guinea-pig ventricular muscle. The early effect, which is responsible for the APD prolongation, seems to be directly related to the development of cell dehydration. The hypertonic solutions produced a slight increase in the resting potential, and sucrose-and glucose-hypertonicity depressed the rising phase of the action potential. These effects can be explained by the cell dehydration and associated changes in the intracellular ion concentrations. The increase in input resistance produced by hypertonic solutions was accompanied by an enhanced spatial decay of electrotonic potentials along the muscle bundle, as determined by the two microelectrode method, suggesting that the electrical resistance of the internal current pathway increases under hypertonic conditions.
. In cardiac muscle, superfusion of this tissue with hypertonic solution results in a shortening of the action potential duration (SPERELAKIs et al., 1960; LITTLE and SLEATOR, 1969; HERMSMEYER et al., 1972; KAWATA et al., 1974) . However, the mechanism underlying such changes in the action potential was not clear. In addition, a very different result was reported by BAILEY (1981) , who observed a prolongation of action potential duration in Purkinje fibers exposed to hypertonic solution. Other parameters of the cardiac electrical activity such as the resting potential and the rate of rise of the action potential may also be influenced by hypertonic solution, but there are few documentations on these features (HERMSMEYER et al., 1972; BAILEY, 1981) .
Exposing the muscle cell to hypertonic solution may induce cell dehydration and hence changes in the ion concentrations of myoplasm. Therefore, investigation of the effects of hypertonicity may provide some insight into the relationship between the electrical property of the membrane and the intracellular fluid condition. We examined the influence of hypertonicity on the electrical activity of guinea-pig ventricular muscle using the hypertonic solutions prepared with several different osmotic substances. Since the dehydration of cardiac tissue develops gradually under hypertonic conditions (KOCH-WESER, 1963; DREIFUSS et al., 1966; KAWATA et al., 1974) , we attempted to characterize the time course of changes in the muscle activity during the perfusion with hypertonic solutions. The hypertonicity induced a biphasic change in the action potential duration with initial prolongation followed by gradual shortening, and an increase in the input resistance of the muscle cells.
Preliminary accounts of this work have appeared in abstract form (EHARA, 1981; HASEGAWA and EHARA, 1982) .
METHODS
Measurement of action potential. Guinea-pigs (300-450 g) were killed by a blow on the head and papillary muscles or thin trabeculae were rapidly dissected from the right ventricle and mounted in a recording chamber continuously perfused with Tyrode solution at 36.0+0.3°C. The preparations were fixed on the bottom of the chamber with fine insect pins.
Membrane potential was measured with 3 M KCl-filled glass microelectrodes (resistance 10-40 Me). This type of microelectrode was also used for injection of currents (see below). Analog differentiation of the action potential was obtained with an electronic differentiator (time const. 10 ,usec). Muscles were driven at the rate of 0.5 Hz by rectangular current pulses (duration 0.5-2.0 msec). Stimulus electrodes consisted of a pair of Ag-AgCI wires (diameter 1 mm, length 5 mm) placed in parallel with the muscle. The stimulus threshold was frequently determined during experiments and the intensity of current pulses was set 1.2 times the threshold. The action potential and the maximum rate of rise (Vmax) of the action potential were monitored on an oscilloscope, in which the sweep speed for the latter was usually set 5-10 times faster than that for the former. Data were analyzed from the photographed records. The duration of the action potential was measured at 90 % repolarization level. For evaluation of changes in Vma$, it was important that the electrode remained in one cell for the entire experiment.
Normal Tyrode solution contained (mM) NaCI 132, KCl 4, NaHC03 12, NaH2P04 0.4, CaCl2 1.8, MgCl2 1, and glucose 10, and was saturated with 95 02 and 5 % C02. Hypertonic Tyrode solutions contained various amounts (30-300 mOsm/liter) of NaCI, Na2SO4, LiCI, sucrose, glucose, urea, or glycerol. The solutions containing excess 150 mM sucrose or 75 mM NaCI were most frequently used and were regarded as about 1.5 times hypertonic, since the calculated osmolar concentration of normal Tyrode solution was 315.2 mOsm/liter. Hypotonic solution was prepared by omitting 50 mM NaCI from the normal Tyrode solution.
In some experiments, KCl concentration of both isotonic and hypertonic solutions was changed (2-16 mM).
Estimation of input resistance of the fiber bundle. A second microelectrode, which was connected to a pulse generator with a series resistor of 500 MSS, was inserted into the cell near the recording microelectrode. Hyperpolarizing current pulses (duration 60-100 msec) were applied through this electrode and the resulting electrotonic potentials were measured by the recording microelectrode. Usually, the current pulses were delivered 160-200 msec prior to each driving stimulus. The distance between the two microelectrodes was determined under a stereomicroscope at 80 x by means of a micrometer eyepiece. The magnitude of injected current was measured with a virtual ground I V converter connected to the bath through an Ag-AgCI wire.
Preliminary experiments were performed to characterize the above method. In Fig, 1A , the amplitudes of electrotonic potentials are plotted on a logarithmic scale against the distance from the current source. The spatial decay of electrotonic potentials around the current source was very steep and not exponential, in agreement with the observation of TANAKA and SASAKI (1966) . Furthermore, the potential decay was found to be much steeper in the perpendicular direction across the fiber bundle than in the longitudinal direction along it. In the present study, the recording and the current passing microelectrodes were set on a line along the fiber, the distance between them being 0.01-0.03 mm. Under this condition, Vl1 value calculated from the voltage deflection and the magnitude of the injected current was 50-300 kQ. Although the actual input resistance must be larger than these values (TANAKA and SASAKI, 1966) , the present arrangement was considered to provide a measure of the input resistance of the muscle bundle. For measurement of changes in the input resistance, it was necessary that both the microelectrodes remained in the cells throughout the experiment.
To ascertain that the above method was capable of detecting a change in the input resistance, we examined the effect of barium, which increases the membrane T. EHARA and J. HASEGAWA resistance and hence increases the input resistance of the myocardial tissue (HERMSMEYER and SPERELAKIS, 1970; EHARA and INAZAWA, 1980) . In this kind of experiment, an example of which is shown in Fig. 1 B, the electrotonic potentials were recorded by two microelectrodes (V1 and V2) which were located, respectively, 0.01-0.03 and 0.10-0.13 mm distant from the current source. As clearly seen in Fig. 1B , addition of 0.05 mM BaC12 to Tyrode solution resulted in a considerable increase in the electrotonic potentials. The "three" microelectrode method was considered to provide information on the spatial decay of electrotonic potentials along the fiber, and was also used for an analysis of the effect of hypertonicity.
RESULTS
It was very difficult to avoid dislodgement of the microelectrodes from the cells when the muscle was exposed to hypertonic solutions. This was mainly due to tissue shrinkage, which was readily visible under microscope. In a number of experiments, however, the intracellular position of microelectrodes could be maintained for a long period of time during and after perfusion with hypertonic solution (hypertonic perfusion).
Effects of hypertonic solutions prepared with various substances Figure 2 shows an experiment in which the muscle was exposed to hypertonic solution containing 150 mM sucrose for 45 min. The typical time course of the Electrotonic potentials in response to a hyperpolarizing current pulse were recorded at different distances from the current source. Ordinate, amplitude of electrotonic potential (Vx) in logarithmic scale; abscissa, distance (x). Voltage detection was made in a longitudinal direction from the current source along the fiber (circles) or in a perpendicular direction across the fiber (triangles). B : effect of 0.05 mM BaCl2 on the electrotonic potentials. Two voltage-recording microelectrodes (V1 and V2) were inserted in the bundle, Vl at 0.02 mm and V2 at 0.12 mm from the current passing microelectrode.
The three microelectrodes were set on a line along the fiber. Pulse duration, 100 msec; current, 57 nA. changes in various parameters of action potential during and after exposure to this solution is illustrated in Fig. 3 . Generally, this hypertonic solution caused an increase in the resting potential (see Fig. 7 ) and a decrease in the overshoot and the maximum rate of rise (Vmax) of the action potential. These changes developed gradually and reached almost steady levels within 15-20 min. In contrast, the action potential duration (APD) changed in a biphasic manner: APD initially prolonged, reaching a maximum in 5-10 min, and began to shorten thereafter (Figs. 2 and 3). The shortening of APD developed progressively and no steady state APD was reached even after 30-45 min exposure to the hypertonic solution. In 8 muscles perfused with the hypertonic solution containing 150 mM sucrose, the relative APD attained a maximum of 119±3 % (mean ± S.D.) of the control APD, and declined to 103±5% after 30 min. Another finding was that the hypertonic solution caused an increase in the electrotonic potentials elicited by intracellular current injection (Fig. 2 ), indicating that there was an increase in the input resistance of the muscle bundle.
On re-introducing normal Tyrode solution after osmotic challenge, the resting potential, the overshoot, and Vmax of the action potential gradually recovered toward control values (Fig. 3) . However, API) further shortened during the initial period of recovery, and then gradually prolonged toward the control level. The electrical activities of the muscle almost completely returned to the original state ( Fig. 2F ) after a recovery period of 20-40 min.
Figures 4 and 5 show the effects of the hypertonic solution containing excess 75 mM NaCI on the muscle activity. Like sucrose-hypertonic solution, NaCIhypertonic solution hyperpolarized the resting membrane, caused a biphasic change in APD, and increased the input resistance. The time courses of these changes were also similar to those seen in sucrose-hypertonic solution. Quantitatively, however, the initial increase in APD was more prominent in NaCI-hypertonic solution. In 7 experiments, the maximum and the final values of the relative APD obtained during 30 min exposure to the NaCI-hypertonic solution were 134+11 % (mean ± S.D.) and 102+13 % of the control APD, respectively.
A definite difference between the effects of NaCI-and sucrose-hypertonicity was found in the behaviour of the overshoot and Vmax of the action potential: The muscle was exposed to hypertonic solution for the first 30 min and then re-exposed to normal Tyrode solution.
NaCI-hypertonic solution caused a rapid increase in these parameters (Figs. 4 and 5) . This may be due to an increased Na-inflow during the action potential resulting from the increase in [Na] o. The enhanced level of the overshoot and Vmag appeared to be maintained or slightly subsided during the course of the hypertonic perfusion.
When the perfusion with these hypertonic solutions was continued for a longer time (up to 90 min), APD progressively shortened until the plateau phase of the action potential all but completely disappeared. Such an extensive depression of the action potential usually developed in 60-90 min, and the subsequent recovery of the action potential in isotonic solution required a longer time (60 min or more).
The fact that sucrose-and NaCI-hypertonic solutions exerted similar effects on APD, the resting potential, and the input resistance suggests that the changes in these parameters were due to the elevated fluid tonicity and were not related to the composition of the hypertonic solution. This view was further tested by examining the effects of the hypertonic solutions containing excess 150 mOsm/ liter of other kinds of osmotic substances. The effects of glucose-hypertonic solution on the resting and action potentials and the input resistance were similar to those of sucrose-hypertonic solution, while the effects of Na2SO4-hypertonic solution were comparable to those of NaCIhypertonic solution. LiCI-hypertonic solution also caused the biphasic change in APD and the increase in the input resistance, but it affected the resting potential and the rising phase of the action potential in a somewhat specific manner (Fig.  6 ). This solution, like the NaCI-hypertonic solution, initially augmented the overshoot and Vmax (Fig. 6B ). This may be explained in terms of the well-known property of Li ions which, like Na ions, act as charge carriers during the action potential. However, these parameters progressively decreased after their initial increases reached the peaks, while there was a gradual depolarization of the resting membrane ( Fig. 6C and D) . Since isotonic Li-containing solution has similar depressant effects on the resting and action potential in cardiac muscle (CARMELIET, Fig. 5 . Time courses of changes in resting and action potential produced by hypertonic solution containing excess 75 mM NaCI. Ordinate, the same as in Fig. 3 . The muscle was exposed to hypertonic solution for the first 45 min and then re-exposed to normal Tyrode solution.
Data from the experiment shown in Fig. 4. 1964), it is likely that the Li-hypertonic solution exerted not only osmotic effects but also effects attributable to the specific action of Li ions, on the muscle activity. According to CARMELIET (1964) , the membrane depolarization in Li solution is explained by a loss of intracellular K due to enhanced K-efflux in the presence of Li ions, and the depression of the rising phase of the action potential is explained by the depolarization together with a progressive accumulation of Li within the cell. Thus, five kinds of hypertonic solution prepared with different substances (sucrose, NaCI, glucose, Na2SO4, and LiCI) caused biphasic change in APD and increase in the input resistance in the guinea-pig ventricular muscle.
Effects of the degree of hypertonicity The effects of doubly hypertonic solutions were examined in the solutions containing excess 300 mM sucrose or 150 mM NaC1, we observed that the effects of these solutions on the resting and action potentials as well as the input resistance were qualitatively similar to those of the solutions containing 150 mM sucrose or 75 mM NaCI. However, the initial prolongation of APD, the degree of which was comparable to or sometimes greater than that seen in the 1.5 times hypertonic solutions, reached a peak within a few min, and thereafter APD rapidly shortened. The plateau phase of the action potential was lost within 20-30 min.
The prolongation of APD was also observed in slightly hypertonic solutions. The increase in APD observed in the hypertonic solutions containing 30 and 75 mM sucrose was 3-5 and 5-10%, respectively. These values were definitely smaller than the values seen in the solutions with a higher tonicity. Thus the degree of the APD prolongation seems to depend on the degree of hypertonicity. The late shortening of APD was not detectable for at least 30 min in the slightly hypertonic solutions.
Effects of glycerol-and urea-hypertonicity
The hypertonic solutions used in the above experiments were prepared with the substances of which the transmembrane movement was presumed to be slow enough to cause a cell dehydration. Glycerol and urea are generally thought to penetrate rapidly into the cell, and it is expected that prominent cell dehydration does not occur in glycerol-or urea-hypertonic solutions. Therefore, we compared the effects of these solutions with those of the solutions examined in the foregoing experiments.
The solutions made hypertonic with 150-300 mM glycerol or 150 mM urea exerted no appreciable effect on the resting and action potentials and the input resistance. In the solution containing 300 mM urea, a slight hyperpolarization (N 2 mV) of the resting membrane and a slight prolongation (<5 % of control) of APD were sometimes observed at the beginning of the perfusion. Thus, the hypertonic solutions which probably did not cause any prominent cell dehydration were all but ineffective in changing the electrical activity of muscle cells. These results strongly suggest that the development of cell dehydration plays a crucial role in producing the biphasic changes in APD and the increase in the input resistance.
Effect of [K]0 and tonicity on resting potential
The effect of hypertonicity on the resting potential was studied at various [K]0, using the hypertonic solutions prepared with excess 150 mM sucrose or 75 mM NaCI. Eight papillary muscles were exposed to the isotonic and hypertonic solutions, while the [K]0 of these solutions was varied between 2 and 16 mi. The results are summarized in Fig. 7 . In the [K]0 range between 4 and 16 mM, the voltage to log [K]0 relationship is almost linear in both isotonic and hypertonic solutions, and the slope of the regression line is almost the same for both conditions. In this [K] o range, the hypertonic solution hyperpolarized the membrane by 4-5 mV. These results agree with the findings in other cardiac tissues (AKIYAMA and FOZZARD, 1975; HOUSER and FREEMAN, 1980; BAILEY, 1981) , and support the view that, at least in the above [K]0 range, the high membrane permeability for K ions is well maintained under the hypertonic condition. The simplest explanation for the hyperpolarization is that there occurs a substantial increase in [K]1 in the muscle cells as a result of cell dehydration. At 2 mM [K]0, however, the hypertonic solution did not hyperpolarize the membrane: instead, it caused a slight depolarization. This is also consistent with the observations of others (AKIYAMA and FOZZARD, 1975; HOUSER and FREEMAN, 1980) . Electrotonic potentials in response to hyperpolarizing current pulses were recorded by two voltage-recording electrodes (V1 and V2) which were inserted in the bundle, V1 at 0.02 mm and V2 at 0.13 mm away from the current passing electrode. Ordinate, amplitude of electrotonic potential at the end of current pulse (duration 100 msec, intensity 60 nA); abscissa, time. The muscle was exposed to hypertonic solution containing 150 mM sucrose for the first 30 min. Inserted figures a-d, original records obtained at the time indicated by a-d on the curve.
Effect of hypertonic solution on input resistance
The effect of hypertonicity on the input resistance was further studied using three microelectrodes, one for current-passing and the other two for voltagerecording (see METHODS). Figure 8 shows a typical result of such experiments. As can be seen in this figure, the hypertonic solution increased the electrotonic potentials within a few min after the onset of the osmotic challenge, and after this change the electrotonic potentials showed no marked change during the hypertonic perfusion.
The increase in the electrotonic potential due to hypertonicity was observed at both of two recording sites, one (V1) being 0.01-0.03 mm away and the other (V2) 0.10-0.13 mm away from the current source. However, as seen in Fig. 8 , the increase was relatively greater at the proximal point than at the distal one, suggesting that the hypertonic solution rendered the spatial decay of electrotonic potentials steeper. This effect is graphically shown in Fig. 9 , which also shows that BaCl2 increased the electrotonic potentials to a relatively greater extent at the distal recording site than at the proximal site (see Fig. 1B) . Thus, the hypertonicity and BaCl2 had different effects on the voltage decay along the fiber, although they commonly increased the input resistance.
Because the injected current may diverge in all the directions in the muscle bundle, the relationship between the mode of the spatial decay of electrotonic Ordinate: magnitude ratio of electrotonic potentials obtained at distal recording sites. The magnitude of the electrotonic potential recorded in test solution was divided by that in control solution, while the recording microelectrode was positioned at a point 0.10-0.13 mm away from the current passing microelectrode. Abscissa: similar to ordinate but values obtained at proximal sites with the recording microelectrode positioned at a point 0.01-0.03 mm away from the current source. Hypertonic solution contained excess 150 mM sucrose (open circles) or 75 mNi NaCI (closed circles). Data were obtained after 5-10 min equilibrium in test solution.
Each point represents the response in one muscle. Broken line is a reference (y ==x). Note: hypertonic solution increased the electrotonic potential to a relatively greater extent at proximal sites than at distal sites.
Japanese Journal of Physiology potentials, and the resistances of surface membrane and internal current pathway may be complicated. However, if it is assumed, as in the case of a linear cable (HODGKIN and RUSHTON, 1946) , that the input resistance increases with increase in the membrane resistance (rm) and/or the internal resistance (r1) per unit length, and that the spatial decay of the electrotonic potentials becomes steeper with decrease in the ratio rm/ri, the results shown in Figs. 8 and 9 may indicate that there is at least an increase in ri under the hypertonic condition, though change in rm cannot be deduced. The above interpretation is partly supported by the finding that BaCl2, which should increase rm (HERMSMEYER and SPERELAKIS, 1970; EHARA and INAZAWA, 1980) , had an action reverse to that of the hypertonic solution on the voltage distribution along the fiber (Fig. 9) .
Effect of hypotonic solution
The relationship between the electrical activity and the fluid tonicity was further studied in the hypotonic solution of which tonicity was made about 2/3 of the normal by omitting 50 mM NaCI from the Tyrode solution. To differentiate the effect of hypotonicity from that of NaCI reduction, muscles were first exposed to isotonic low-Na solution (50 mM NaCI replaced with 100 mM sucrose), and then to hypotonic low-Na solution. In the experiment shown in Fig. 10 , the isotonic low-Na solution shortened APD by about 13 msec, and the hypotonic low-Na solution further shortened it by about 24 msec. The change in APD was monotonic during and after the hypotonic perfusion. Similar observations were made in 3 other experiments. In addition, there was a slight depolarization of the resting membrane potential (5.3+1.3 mV, mean + S.D., n=4) in hypotonic solution, which may be explained by a decrease in [K]~ due to water uptake of the cell. The input resistance was not changed appreciably during hypotonic perfusion (two experiments). It is tempting to consider that both shortening of APD due to hy- Fifteen min later, the solution was changed to hypotonic low-Na solution.
After 20 min of the perfusion, normal Tyrode solution was re-introduced.
T. EHARA and J. HASEGAWA potonicity and its prolongation due to hypertonicity are mediated by the same tonicity-dependent mechanism.
DISCUSSION
Several kinds of hypertonic solutions containing the substances which presumably do not easily penetrate the cell, consistently produced a biphasic change in APD and an increase in the input resistance in guinea-pig ventricular muscle. In contrast, the hypertonic solutions prepared with glycerol and urea, which are thought to move rapidly into the cell, had little or no effect on the membrane electrical activity of this tissue. Therefore, the observed changes in APD and input resistance were considered to be related to the cell dehydration which was developed following the imposed osmotic gradient across the cell membrane.
Some of the phenomena observed in hypertonic solutions may simply be explained by a change in the intracellular fluid composition. The hyperpolarization of the resting membrane can be explained by an elevation of [K] ; resulting from the cell dehydration, as discussed in relation to Fig. 7 . The decrease in the overshoot and Vmax of the action potential observed in sucrose-hypertonic solutions (Fig. 3) can be explained by a decrease in the Na gradient across the membrane resulting from an increase in [Na]; due to the cell dehydration. However, in the case of NaCI-and Na2504-hypertonic solutions, the increase in [Na]o seemed to be the more important factor for the rising phase of the action potential than the expected increase in [Na];, since the overshoot and Vma~ increased and appeared to stay at high levels in these solutions (Fig. 5) .
In hypertonic solutions, the membrane hyperpolarization occurred gradually, the resting potential reaching an almost steady level in 15-20 min (Figs. 3 and 5) . The overshoot and Vmax of the action potential changed with a similar time course in sucrose-hypertonic solution (Fig. 3) . These slow changes are consistent with the time course of the weight change of cardiac tissue induced by hypertonic perfusion (KOCH-WESER, 1963; DREIFUSS et a!.,1966; KAWATA et al., 1974) . These time courses probably reflect the rate of development of the cell dehydration, which may largely be governed by the speed at which the extracellular space in the tissue equilibrates with the osmotic substances applied (PAGE and STORM, 1966) .
Hypertonic solution and APD. It is known that hypertonic solution shortens APD in several cardiac tissues (SPERELAKIS et a!.,1960; LITTLE and SLEATOR, 1969; HERMSMEYER et al., 1972; KAWATA et al., 1974) , although the time course of this change has not been shown in detail. In the present study, the APD in guinea-pig ventricular muscle was found to change in the biphasic manner with initial prolongation followed by gradual shortening during exposure to the solutions made 1.5-2 times hypertonic.
The finding that APD initially increases in the hypertonic solutions agrees with the data reported by BAILEY (1981) , who observed the prolongation of APD in canine Purkinje fiber exposed to sucrose-hypertonic solution for 10 min. The characteristic features of the initial increase in APD are as follows: (1) APD begins to prolong with initiation of the hypertonic perfusion, as do other parameters, such as the resting membrane potential (Figs. 3 and 5) . (2) The degree of the prolongation depends on the degree of hypertonicity (BAILEY, 1981 ; this study). (3) As a comparable but reverse phenomenon, the shortening of APD occurs upon re-introducing the isotonic recovery solution after the osmotic challenge (Figs.  3 and 5) . These findings suggest that there is a close relationship between the prolongation of APD and the development of cell dehydration. In addition, it is possible that the hypotonicity-induced shortening of APD (Fig. 10) reflects a reverse operation of the mechanism responsible for the hypertonicity-induced prolongation of APD.
On the other hand, the late shortening of APD developed progressively and APD never reached a steady state during 30-45 min exposure to the hypertonic solution (Figs. 3 and 5 ). This is a considerably slow time course compared with the rate of changes in other parameters of the action potential, or with the reported time course of tissue dehydration mentioned above. It appears, therefore, that the later shortening of APD is less directly related to the cell dehydration. The other factors may be involved in this phenomenon. The development of cell dehydration ultimately induced the two opposite effects on APD in guinea-pig ventricular muscle, of which time courses are not the same. Accordingly, the actual time course of the APD change may depend on the sum of these effects. The underlying mechanisms will be discussed in the subsequent paper (EHARA and HASEGAWA, 1983) .
Hypertonic solution and input resistance. The hypertonic solution increased the input resistance of the guinea-pig ventricular muscle. This result is very different from that by HERMSMEYER et al. (1972) who reported that the input resistance of guinea-pig and cat ventricular muscle decreased under hypertonic condition. The most likely origin of this discrepancy is the difference in the methods by which measurement of the input resistance was made. The above authors used the one microelectrode method with compensatory bridge circuit. This method depends on the bridge balance, which may seriously be affected by a change in the microelectrode resistance. Furthermore, the electrode resistance is a function of the ionic strength or ion concentrations in the fluid surrounding the electrode tip (SCHANNE, 1969) . We feel that the one microelectrode method is not suitable for measurement of the input resistance under hypertonic condition, since the cell dehydration and consequent changes in the state of the intracellular fluid will decrease the resistance of microelectrode (SCHANNE, 1969) .
The increase in the input resistance was accompanied by the steepened decay of the electrotonic potentials under hypertonic condition (Fig. 9) . This can be interpreted as reflecting an increase in the resistance of the internal current pathway (r1), on the assumptions already described. In cardiac muscle, ri reflects not only the resistance of myoplasm but also that of cell-to-cell junctions. Theoretically, when a cylindrical cell dehydrates in a manner expected for a perfect osmometer, r, will not change. Because the decrease in myoplasmic specific resistance (R1) due to dehydration will be cancelled by the decrease in cross sectional area of the fiber due to shrinkage, the decrease of Ri will not have the effect on r1. However, AKIYAMA and FOZZARD (1975), and LEE (1976) suggest that the activity coefficient of intracellular K ions may decrease with the development of cell dehydration. If this occurs, then the effective [K]1, which is a major factor determining the level of R1, will decrease. Therefore, the change in the activity coefficient of intracellular ions could play some role in the hypertonicity-induced increase in the input resistance. It is interesting to note that ri of frog skeletal muscle fiber increases under hypertonic condition (FREYGANG et al., 1967) . Alternatively, the cell-to-cell coupling in myocardium may be impeded under hypertonic condition, as proposed by SPERELAKIS and RUBIO (1971) . A more complete cable analysis is necessary to solve this problem as well as to see the effect of hypertonicity on the membrane resistance.
